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                    A PHYSICAL TRAINING PROGRAM TO REDUCE

                     MUSCULOSKELETAL INJURIES IN U.S.MARINE

                      CORPS RECRUITS (STUDY)

                                           Marine Corps Recruit Depot, San Diego, CA 

BACKGROUND:

Recruits at Marine Corps Recruit Depot, San Diego are at risk for training-related injuries due to their relative low baseline levels and the sudden increase in vigorous physical activity associated with boot camp training. The annual fiscal and operational costs of recruit musculoskeletal injuries were estimated at $16.5 Million and 53,000 lost training days. Stress fractures were the single most costly injury, with an estimated annual cost in excess of $5 Million.  The objective of this research was to evaluate the existing physical training for the Marines and make modifications that would reduce musculoskeletal injuries without negatively impacting the quality or mission of recruit training.

METHODS and DESIGN:

A program was designed with these general principles in mind:

· Cardiovascular Conditioning

The first step in any conditioning program is to build an aerobic base.  This step requires 2 to 4 sessions per week of continuous aerobic activity, such as jogging or brisk walking for 20 to 30 minutes.  Faster is not better. A minimum of 4 to 6 weeks is generally recommended to build an aerobic base. Modified interval training can be used to expand an individual’s aerobic base and increase his capacity to run faster for longer periods of time.

· Muscle Conditioning

This consists of both muscle strength and endurance training.  For general fitness it should occur 2 to 3 times per week on nonconsecutive days. A warm up at relatively low resistance should precede lifts involving large muscle groups.

· Flexibility Training

Flexibility refers to joint range of motion. Ideally, stretching exercises should occur before and after any strenuous physical training. Flexibility is very joint specific.  Therefore, post-exercise stretching should target all major muscle groups. The recommended frequency is 3 to 5 times per week.

· Warm up and Cool Down 

This allows for blood flow to the muscles and prevents injuries.

The Naval Health Research Center has worked closely with the USMC since 1992 to reduce injuries. Studies have shown that the Baseline Physical Fitness Level of Recruits on Training Day 1:

· Less than 15% were in excellent physical condition

· Greater than 30% were in poor to very poor condition

· Less than 50% ran at least 3 times per week in the preceding 2 months

· For those recruits who did run, the average distance was less than 2.5 miles

· Research also showed that 30 to 40% of recruits reported to medical with an injury at least once in the 11 weeks of training

· Nearly 80% of the injuries were overuse injuries of the lower extremities

· Most of the injuries occurred during training week that included high volumes of lower extremity impact activities, such as marching, running, and hiking

· The annual fiscal and operational costs of training related injuries were $16.5 Million dollars and 53,000 lost training days. Annual costs of stress fractures were $5 Million.

SUMMARY OF MODIFICATIONS TO THE MCRD RECRUIT TRAINING SCHEDULE:

· A more progressive ramp-up of the running component in terms of distance, frequency, and intensity

· Fewer formation runs and more individual runs

· Addition of conditioning runs during 2nd Phase

· Decreased total running mileage and increased total muscle strength and endurance training for a more balanced conditioning program

· Modification of the Daily 7 Calisthenics

· Implementation of a comprehensive flexibility training program

· Addition of warm-up and cool-down routines

· A more progressive ramp-up of load bearing conditioning hikes

· Modification of the scheduling of different physical training events to maximize training benefit and minimize the risk of over-training and overuse injuries

The Epidemiology of Overuse Injuries Among Select U.S. Navy and Marine Corps Personnel

Naval Health Research Center – Executive Summary

Specific populations of U.S. Navy and Marine Corps personnel suffer high rates of musculoskeletal injury resulting in substantial morbidity.  The aim of this project is to apply epidemiological methodology to determine rates of injury, compare rates across different populations, determine the etiology of injuries, and evaluate the effectiveness of preventive interventions.  Specific objectives are to answer these questions: (1) What are the rates of overuse injury among specific U.S. Navy and Marine Corps populations? (2) What are risk factors for acquiring specific overuse injuries and who are high-risk participants?(3) How can overuse injury be optimally diagnosed and managed to minimize time lost from training and/or ensure success in reducing rates of overuse injury?

Research will be conducted as a multi-site, prospective, epidemiological study.  We will collect information real-time using an interactive computer system at selected sites.  Data will be managed centrally at the Naval Health Research Center’s Division of Clinical Epidemiolgy.  Rates of injury by site will be calculated and compared across sites.  Next, based upon results obtained, predictor variables for specific overuse syndromes will be gathered upon entry into training.  Trainees will be followed longitudinally to capture outcome events:  a specific overuse injury or surrogate for such injury.  Relative risk will be calculated and reported.  Finally, preventive interventions will be made, and efficacy evaluated using trend analysis.

(9110-9209) A team of investigators was sent to each site to analyze existing data-gathering capabilities, discuss local needs, install hardware, and to train data-entry personnel. A technical report , publication and meeting presentation have been completed.

     (9210-9309) Tracking sites have been established at three Marine Corps and two Navy Training sites.  Comprehensive criteria have been standardized for more than 33 musculoskeletal problems.  Preliminary data have been analyzed from two locations.  The anatomical site of the most common problems among Marine trainees is the knee (52.6%).  The two most frequent specific problems were iliotibial band syndrome (22%) and patellar tendinitis (15%).  One publication has been completed during this time period. 

     (9310-9409) Feedback from individual sites was used to further customize the systems to reflect the operations within each clinic. 

(9410-9509)To date the SMARTS collected 103,034 outpatient encounters from 49,283 patients, at 8 selected Navy and Marine Corps training sites. The highest volume of data collection was at RTC, Great Lakes, where in 9 months of data collection using 8 separate stand alone SMARTS stations, 46,821 outpatient encounters have been complied. The lowest volume of data collection was at the Naval Special Warfare Center where 7943 outpatient encounters have been complied over 3.5 years.  Overall musculoskeletal injury rates have been calculated for each of the sites.  The overall rate of musculoskeletal injury for each site was determined by selecting a cohort of trainees as they entered training and, upon graduation, extracting from SMARTS all outpatient encounters for those personnel. The percentage of trainees with at least one musculoskeletal injury during training at each site was: RTC, Orlando: males 11%, females 22%;RTC, Great Lakes: males 13%, females 26%; NSWC, Coronado: males 33%; MCRD, Parris Island:  males 29%, females 49%; MCRD, San Diego:  males 25%; Weapons Field Training Battalion, Camp Pendleton: males  9%.

As a result of the NTC Orlando base closure, hardware was removed from this site.  Hardware installation for MCRD, Parris Island was completed.  Data collected to date includes:  MCRD, San Diego (19,000 records); Naval Special Warfare Center, San Diego (7,900 records); MCB, Camp Pendleton (3,200 records); OCS, Quantico (1,000 records); and TBS, Quantico (2,100 records).  Two publications and two meeting presentations were completed during this time period.

1) Epidemiology of Podiatric Injuries among U.S. Marine recruits undergoing Basic Training 2) Overuse Injuries 3) Is Iliotibial Band Syndrome often Overlooked? 4)  Musculoskeletal Injury among U.S. Navy Seal Special Warfare Trainees  and Stress Fracture Incidence in Males undergoing Rigorous Training (5) Get SMARTS!

1)Report 91-21. 2)Med Sci Sports Exerc, 1991, 23. 3)Phys Sports Med, 1992, 20(2), 98-108 and Report 90-37. 4)Med Sci Sports Exerc, Vol 26(5) supp. 5) Report 95-29

DEVELOPMENT AND VALIDATION OF PREDICTIVE MODELS FOR MUSCULOSKELETAL INJURIES IN NAVY AND MARINE CORPS POPULATIONS

Naval Health Research Center – Executive Summary
The aim of this study is to develop predictive models of stress fractures and other overuse injuries in male military trainees that can be incorporated into a practical screening program to identify injury prone trainees.  The ultimate goal is the reduction of the impact and incidence of musculoskeletal injuries during training.

Work will be performed in two phases. Phase 1 will be the validation and refinement of the predictive profile for stress fracture susceptibility and the continued development of predictive profiles for the more common musculoskeletal problems.  Phase 2 will be a series of interventions developed in conjunction with the Recruit Training Regiment (RTR) to include the incidence of musculoskeletal problems during “boot camp.”  Two interventions and an assessment have been identified: (1) modification of the physical conditioning schedule, (2) assessment of the physical conditioning platoon (PCP) fitness program, and (3) providing footwear insoles. The highest priority of these methods will be to maintain the RTR training objectives as determined by the Marine Corps training staff. Prior to the modification, PCP will be evaluated by comparing recruits of equal fitness who either progressed directly through training or were sent to PCP first.

(9410-9509) Phase 1, the validation of predictive profiles for stress fracture susceptibility during basic training has been completed.  A screening questionnaire was developed utilizing questions found to be predictors of injury.  When baseline fitness run times were added to the survey, 18.7% of the recruits were identified as high risk for injury with a relative risk for stress fracture of 2.52 (95% CI; 1.82, 3.47). Three interventions for Phase 2 have been developed and will be tested.

     (9510-9609)  Intervention 1 has been completed and modifications to the training schedule have been made and are currently in place at MCRD, San Diego.  As a result of the modification, stress fracture incidence was reduced in the intervention group from 3.7% to 1.7% (RR=0.47, 95% CI 0.28, 0.79).

     The Phase 2 assessment of the physical conditioning platoon (PCP) was completed.  The PCP at MCRD San Diego was evaluated for effectiveness in preventing the occurrence of lower extremity stress fractures in poorly conditioned recruits.  Stress fracture rates were 8.0% in the control group and 3.2% in the PCP group (OR = 2.87, 95% CI = 1.05, 7.84, p< 0.4).  Poorly fit recruits who were not assigned to PCP had nearly three times the odds of incurring a training-related stress fracture as those recruits who underwent PCP training.  

     Subject enrollment for intervention 3 has been completed.  In the laboratory, shock absorbent inserts significantly decreased the repetitive force of running and marching exerted on the knee, lower leg, and feet.  Theoretically, this resulting decrease in repetitive force to the legs should reduce the risk for overuse type injuries.  All of the materials used in shock absorbent inserts have been tested and the results indicate that polyurethane is the most likely to contribute to injury prevention.  We have established a CRDA with SecondWInd Inc., a manufacturer of polyurethane inserts, to provide inserts for testing in Marine Corps recruit populations.  Three companies of recruits have enrolled in the study and 688 recruits have received test insoles.

(9610-9709) The Phase 3 intervention test of footwear insoles was completed.  A commercially-available polyurethane insole was compared to the standard-issue USMC boot insole.  In the laboratory, results indicated that polyurethane insoles were the most likely to contribute to injury prevention.  However, results of subject testing indicated that there was no significant difference between the two insoles in their effectiveness in preventing lower extremity overuse injuries during boot camp training (rr = .97, 95% CI .72, 1.31., p<0.9).
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